Abstract: Exotic pathogens, within the center of genetic diversity for the species, compromise European chestnut populations in Turkey. In Turkey today, the species is of tremendous economic, ecological and cultural importance. At this time of severe exotic pathogenic pressure on a highly-valued forest species, we ask, how does awareness of diseases and treatments as well as value for chestnut trees affect the efforts of households to manage pests and diseases of chestnut trees in Turkey? We conducted 96 surveys in 34 villages in 10 provinces across Turkey to investigate awareness of diseases and other challenges to the chestnut population, chestnut harvesting habits, family value for chestnuts and efforts to mitigate pest and disease pressure. We analyze our results using cluster and regression analysis. Our results show that based on analysis of all observed characteristics, our research sites in Turkey break cleanly into groups based on production level. Further, results demonstrate significant correlation between amount of chestnut-derived income and awareness of pests and diseases as well as the likelihood of households enacting disease mitigation measures. These results also demonstrate correlation between observed awareness of diseases and pests and the likelihood of households enacting disease mitigation measures.
Introduction
Chestnut (Castanea sativa Mill.) populations in Turkey are enduring exotic pathogen pressure across the species range, challenging chestnut-dependent livelihoods everywhere in the country. There is a deep and uninterrupted history of chestnut maintenance in the region. In 400 B.C., the Greek historian Xenophon documented the prevalence of this nut and chestnut-bread in the local diet [1] . Today, chestnut forests provide a variety of wood and non-wood forest products (NWFP). Important NWFP include flowers, fruit and chestnut honey, and also some edible mushrooms which grow only under chestnut trees [2] . Chestnuts' general distribution in Turkey includes the Marmara, Aegean and Black Sea regions [3, 4] . The tree is cultivated at varying degrees of intensity in all of these regions.
In order of their arrival, chestnut pathogens are ink disease (caused by oomycete Phytophthora cambivora (Petri) Buisman) [5] , chestnut blight (caused by the fungus Cryphonectria parasitica (Murrill) Barr) [6] and, more recently, Chestnut Gall-wasp, (caused by the wasp species Dryocosmus kuriphilus Yasumatsu) [7] . The chestnut blight fungus, which has been present in Turkey since the late 1960s, is considered by experts to be the most impactful of these. Most research into chestnut blight mitigation focuses on a biological control known as applied hypovirulence [8, 9] . Though shown to be effective, biological control cannot be performed by smallholders. What can be implemented by smallholders and forest officers are simple sanitation measures such as limb removal and destruction, and elimination of dead and dying vegetative material [10] . Though some studies in the European context have looked at dynamics of land-owner interest in biological control measures [11, 12] , very few studies have investigated the effects of small-scale household blight mitigation efforts [13] .
The origins of the chestnut blight fungus are in East Asia. Its spread in North America and Europe is attributed to the importation of infected timber and nursery stock [14] . Chestnut blight caused by C. parasitica has been spreading in Turkey since 1967, producing damage to chestnut stands and orchards [15] . Disease severity in the highly productive areas of western Turkey increased sharply beginning in the 1990s. National production decreased from 90,000 tons in 1988 to below 50,000 tons in the early 2000s. Average production between 1994 and 2014 was 57,000 tons [16] . Adding to the complexity of the epidemiological environment, the natural presence of what is known as hypovirulence, has been observed throughout Turkey [17, 18] . Hypovirulence occurs when a naturally occurring virus, also originally from East Asia, infects the chestnut blight fungus and diminishes its virulence. Currently, there is no consensus on where or the degree to which hypovirulence is mediating blight severity.
Another dynamic is present in Turkey, such as in Sinop, where the economic emigration of young people to cities and to Europe has resulted in an older average resident population [19, 20] . The Food and Agricultural Organization of the United Nations (FAO) report on chestnut blight and its management in Turkey [10] goes so far as to state that outmigration from Sinop was caused by chestnut blight. Out-migration of younger populations is also the reason why physical difficulties are one of the problems reported by Chamber of Agriculture in Zonguldak [21] . It is a commonly repeated notion that NWFP are not valued enough in Turkey and that this is a partial explanation of the challenges to rural viability in forest dominated rural areas [22] . This represents a critical conundrum; if NWFP were valuable, people would emigrate less and if there were more representative demographics in rural forested Turkey, utilization of NWFP would be more robust. Our research represents a preliminary exploration of these dynamics on the case of a single important forest species.
At this time of severe exotic pathogenic pressure on a highly-valued forest species [23, 24] we ask, how does household awareness of diseases and treatments for chestnut and value affect efforts of households to manage pests and diseases of chestnut trees in Turkey? We conducted research across Turkey to investigate geographical variations in the relations between the (1) awareness of treatments on chestnut trees and tree populations; (2) actions taken to maintain tree populations; (3) chestnut harvesting habits; and (4) the value associated with the trees, all in a context of disease pressure across a great variety of cultural and geographic space in Turkey. The disease severity is similarly variable across space. Disease severity appears to be highest in the eastern and then western Black Sea region [13] . Our investigation into awareness, practices and value in this context can provide insight into similar contexts where ecological hazards inherent to globalization are driving into local contexts and challenging local ecological maintenance.
Material and Methods
We performed field research during the summers of 2015 and 2016 in 34 village sites in the eastern and western Black Sea, Marmara and Aegean regions. Our activities were completed in a total of ten sites with a total of 96 households. Village sites were selected in the provinces ofİstanbul, Zonguldak, Sinop, Artvin, Rize, Trabzon, Çanakkale, Aydın,İzmir and Bursa based on the known range of sweet chestnut and on the suggestions of the Turkish National Directorate of Forestry regarding zones of livelihood importance for the tree (Figure 1 ). We acquired informed consent from all research participants prior to research activities. Surveys were conducted in a place of the participants choosing, often in the home garden or in the local café. Our socioeconomic survey was designed to learn about (1) awareness of households related to problems and diseases for chestnut utilization; (2) applied disease prevention practices especially for chestnut blight; (3) expenditures for preventing chestnut blight; (4) harvest customs; (5) harvest quantity; and (6) harvest related income. In addition to these, we asked two open-ended questions to gather opinions about the importance of chestnut harvesting, and to find out whether there was any other issue related to chestnut collecting.
We used linear regression analysis to explore the relationship between household awareness of pests and diseases (as counts) and the presence or absence of reported acts of disease control. We also explored whether and how harvest quantity was related to the presence or absence of reported acts of disease control, awareness of diseases and the number of individuals reported to partake in the harvest activities. For each of these factors, mean household values and percentages were employed in regression analysis. We also used multiple linear regression analysis to show the relative effect of both harvest amount and awareness of diseases on the presence or absence of applied control practices. Moreover, hierarchical cluster analysis [25] was performed to classify sites into groups according to their mean harvest quantity, percentage of respondents that applied control, the average number of known diseases and the average income.
Results

The Results of Interviews with Households
The main problems reported for chestnut trees were pest damage, transportation problems, lack of knowledge, public support and processing-storage facilities (Table 1) . Diseases and pests were the most frequently reported problem for almost all sites, and included chestnut blight, ink disease, chestnut gall-wasp and chestnut fruit tortrix, respectively. Chestnut blight was the most mentioned one and generally described as dried or dying tree branches.
Interviewed households emphasized various other threats, and these differed by region (Table  1) . For example, Hydro-electric Power Plants (HPP) were reported to be a factor in reduced productivity of chestnut forests through the eastern Black Sea region. In addition, Thermic Power Plants (TPP) and power grids are the highly-reported factors in Zonguldak. Intensive mining We acquired informed consent from all research participants prior to research activities. Surveys were conducted in a place of the participants choosing, often in the home garden or in the local café. Our socioeconomic survey was designed to learn about (1) awareness of households related to problems and diseases for chestnut utilization; (2) applied disease prevention practices especially for chestnut blight; (3) expenditures for preventing chestnut blight; (4) harvest customs; (5) harvest quantity; and (6) harvest related income. In addition to these, we asked two open-ended questions to gather opinions about the importance of chestnut harvesting, and to find out whether there was any other issue related to chestnut collecting.
Results
The Results of Interviews with Households
Interviewed households emphasized various other threats, and these differed by region (Table 1) . For example, Hydro-electric Power Plants (HPP) were reported to be a factor in reduced productivity of chestnut forests through the eastern Black Sea region. In addition, Thermic Power Plants (TPP) and power grids are the highly-reported factors in Zonguldak. Intensive mining activities are said to threaten chestnut forest areas, while their dusts reportedly affect health of trees inŞile,İstanbul. Another problem for the households inŞile, located in proximity to two cities, is external pickers. Wildlife, especially wild boars, were reported to cause damages to yield in the Black Sea region (in Sinop, Trabzon, Rize and Artvin) and also in Aydın.
Households reported that only chestnut blight was the target of management measures. The households from the eastern Black Sea region reported no practices to prevent chestnut blight, while the other regions did. Cutting infected brunches is common for all sites for fighting diseases. Inİstanbul, Zonguldak and Sinop, where 10-20% report acts of disease control, only cutting infected branches is applied. In Çanakkale and Bursa, where 40-50% of the households report acts of disease control, infected branches are cut and Bordeaux mixture is applied as a spray. In Aydın andİzmir, where 90-100% of the households report acts of disease control, methods include cutting infected branches, application of Bordeaux mixture, juniper tar, sodium hypochlorite as well as aggressive removal of infected bark and cambium. Application of paste, mud packs and lime solution were recorded only in Aydın. Twenty percent of the households in Çanakkale and Bursa and 80% of the households in Aydın andİzmir invest money in controlling chestnut blight ( Table 2) .
The last part of our survey focused on harvest activities of households in different regions. Our interview results showed that chestnuts are generally collected by family members, relatives and/or neighbors, while laborers are only employed in Sinop, Aydın,İzmir, and Bursa (Table 3 ). The reported reasons of household motivation for chestnut harvest include income, food, tradition, and continuation of land ownership. Most households in the eastern Black Sea region do not sell fruit, but instead collect for home consumption. The households inİstanbul, Zonguldak, Sinop and Çanakkale earn money from chestnut sales as an additional income, and reserve some amount for their consumption. On the contrary, chestnut sales are the main income source for the households in Aydın,İzmir, and for many in Bursa. Accordingly, the highest production amount was reported in Aydın andİzmir, while the lowest amounts were reported in the eastern Black Sea region (Artvin, Rize and Trabzon). According to our survey, the most expensive chestnuts are in Sinop and Bursa, while the cheapest are in Zonguldak. Moreover, the chestnuts of Aydın have a Geographical Indication Protection (GIP) as an industrial property right. 
The Results of Regression Analysis
The results of regression analysis exploring the relations between mean site reported acts of disease management, the number of known diseases, and harvest quantity are given in Figure 2 . Correlation between the number of known diseases and percentage of households per site reporting acts of disease mitigation was insignificant (R 2 = and 0.54, p > 0.05). With other analyses, it was useful to remove the site ofŞile, where the ratio of harvest to other factors was significantly affected by local disease pressure, eliminating the possibility of harvest activities. BarringŞile, correlation of average site reported disease control efforts and the number of known diseases was significant as shown in Figure 2a (R 2 = 0.99; p < 0.001). Figure 2c illustrates that awareness of diseases increases with harvest amount (R 2 = 0.92, p < 0.001). Figure 2b illustrates the significant correlation between chestnut harvest quantities and percentage per site of households which report disease management measures (R 2 = 0.87, p < 0.001).
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The results of regression analysis exploring the relations between mean site reported acts of disease management, the number of known diseases, and harvest quantity are given in Figure 2 . Correlation between the number of known diseases and percentage of households per site reporting acts of disease mitigation was insignificant (R 2 = and 0.54, p > 0.05). With other analyses, it was useful to remove the site of Şile, where the ratio of harvest to other factors was significantly affected by local disease pressure, eliminating the possibility of harvest activities. Barring Şile, correlation of average site reported disease control efforts and the number of known diseases was significant as shown in Figure 2a (R 2 = 0.99; p < 0.001). Figure 2c illustrates that awareness of diseases increases with harvest amount (R 2 = 0.92, p < 0.001). Figure 2b illustrates the significant correlation between chestnut harvest quantities and percentage per site of households which report disease management measures (R 2 = 0.87, p < 0.001). Tables 4 and 5 show the results of multiple linear regression analysis of harvest amount and awareness on the dependent variable, i.e., applied control. This was performed with data that included data from Şile (Table 4) and with data that excluded data from Şile (Table 5) . In both cases, Tables 4 and 5 show the results of multiple linear regression analysis of harvest amount and awareness on the dependent variable, i.e., applied control. This was performed with data that included data fromŞile (Table 4) and with data that excluded data fromŞile (Table 5) . In both cases, awareness and harvest amount are observed to be significant. The relative significance of these factors is also illustrated by these results. Harvest amount is a more significant predictor of applied control in both analyses. Perhaps for the reasons discussed above, the exclusion ofŞile rendered a higher R-squared value for the regression. 
The Results of Cluster Analysis
Cluster analysis included site mean harvest quantity, percentage of households per site that applied control, the number of known diseases and income, and classified sites into two main groups (Figure 3) . Most of the sites fall into the first group which includes two subgroups. The first subgroup consists of the sites in the eastern Black Sea region (Artvin, Trabzon and Rize) andŞile, while the second subgroup includes Zonguldak, Çanakkale and Sinop. The second main group includes the households from Aydın,İzmir and Bursa. awareness and harvest amount are observed to be significant. The relative significance of these factors is also illustrated by these results. Harvest amount is a more significant predictor of applied control in both analyses. Perhaps for the reasons discussed above, the exclusion of Şile rendered a higher R-squared value for the regression. 
Cluster analysis included site mean harvest quantity, percentage of households per site that applied control, the number of known diseases and income, and classified sites into two main groups (Figure 3) . Most of the sites fall into the first group which includes two subgroups. The first subgroup consists of the sites in the eastern Black Sea region (Artvin, Trabzon and Rize) and Şile, while the second subgroup includes Zonguldak, Çanakkale and Sinop. The second main group includes the households from Aydın, İzmir and Bursa. 
Discussion
According to interviewed households, chestnut blight was the biggest challenge to chestnut related livelihood activities (Table 1) . This shows general agreement with scientific literature emphasizing that chestnut blight is the most serious threat to chestnut tree populations throughout Turkey [26] [27] [28] [29] . However, gall wasp, which was first observed in 2014 in Yalova, Turkey [7] , is now seen as a major threat as well, based on damages observed in Europe [30] . Our survey showed that awareness of gall wasp is limited but growing due to the information shared by professionals in Forest and Agricultural State Institutions inİstanbul, Bursa, Sinop, Aydın andİzmir. Yet, we observed gall wasp damages in Cumalıkızık (Bursa) andŞile (İstanbul) and heard reports of similar damage in Aydın andİzmir.
A prominent and meaningful finding is that prevention efforts of households against chestnut blight were highly correlated with production quantity ( Figure 2B ). For example, the least amount of harvest is from the eastern Black Sea region (Trabzon, Rize and Artvin). Here, households collect chestnuts for their domestic use (Table 3) . Accordingly, it appears that this minimal value for chestnuts is related to the absence of prevention efforts in this area.
InŞile, Zonguldak and Sinop, where the mean production quantities per household are 116 kg, 855 kg and 1600 kg respectively, households try to fight against chestnut blight by simply cutting dead and dying branches. Thus, while most villagers invest their labor in blight control, they are not inclined to invest financially. Still, there is significantly more effort when compared to sites where chestnut value is limited to home consumption. One reason for lower prevention efforts in these sites is that people consider chestnuts as an additional income (Tables 2 and 3 ). For example, inŞile, because of its location between two big cities, people earn money mostly from recreation and tourism activities, as well as fishery and honey production. In Zonguldak, all interviewed households derived income from local mining. The research by Chamber of Agriculture in Zonguldak stated that chestnuts provide additional income for 92% of chestnut pickers [21] . As previously mentioned and observed in contexts outside of Turkey [11] , abandonment of chestnut-based livelihood activities is commonly brought about by out-migration. However, we learned that older retired participants pick chestnuts as well. While some of them benefit from children visiting during harvest time, this is not the norm.
Another reason for less management activities by villagers is that many traditional approaches to silviculture and forest sanitation are prohibited. FAO reported that villagers use trees in state forests where they are only allowed to harvest chestnuts [10] . Many villagers reported their concern that their ability to manage blight is restricted by state forest policy. For instance, many villagers argue that blight severity can be managed in rigorously coppiced systems, a practice which has been the subject of a nationwide prohibition for the last several years. Similarly, traditional silvicultural approaches to blight management include the removal of affected stems, and the clearance of vegetation, both prohibited practices in state forests. This is the result [31, 32] of a 2006 decision of Ministry of Environment and Forest known as Converting of Coppice Forests to High Forests [33] .
In Çanakkale, households are similar to Zonguldak and Sinop in terms of production amount (665 kg/ year per household), mostly using state forests. Chestnut sales are generally additional income for these households. Their chestnut blight management is also similar, with households simply cutting infected branches. Yet, in Çanakkale, chestnut trees in some stands in the forest were grafted but open for all households' utilization. Some of the households have their own orchards of planted and grafted chestnut trees. It is these orchard owners who use Bordeaux mixture in addition to cutting dead branches ( Table 2 ). The owners also own apple orchards from which they have knowledge and equipment to fight the disease. These practices are transferred to chestnut orchards.
All these sites, where almost all households benefit from the state forest, fall into the first group by cluster analysis. In this main group, sites are divided into two subgroups. The first subgroup consists of the sites from the eastern Black Sea region andŞile, where production quantity is very low, and mostly for household consumption, and where almost no control is applied against chestnut blight. The second subgroup consists of Çanakkale, Sinop and Zonguldak, where production quantity is higher, chestnut income is additional for the households and there is little control against chestnut blight (Figure 3) .
Aydın,İzmir and Bursa fall into the second group by cluster analysis associated with higher production, control and awareness. The households in Bursa harvested an average of 2595 kg. Here, five historical Kızık villages lie in the foothills of the Uludag Mountains. People traditionally produce chestnut. Households derive their main income from chestnut management in orchards as well as collection from grafted trees in state forests. They report two disease management methods: cutting dead branches and application of Bordeaux mixture. Bursa is a leader in grafting and nursery establishment. In our second sampling area in Bursa, Kurşunlu, chestnut production came to a halt because of severe chestnut blight disease. It was determined during the surveys and in the field observations that infected trees were removed from forests after 2006 and new grafts were established. For this reason, no actions were reported against chestnut blight.
The highest production amount was reported in Aydın andİzmir with a mean of 6350 and 6800 kg harvested per household, respectively. Aydın andİzmir represent almost 40% of chestnut production in Turkey [9] . While the mean production amount per household in Aydın was found to be similar tȯ Izmir in our research, Aydın is reported as the largest producer in Turkey according to total production amount [23, 29, 34, 35] . Almost all households work to mitigate chestnut blight using varying methods, including application of Bordeaux mixture, juniper tar, sodium hypochlorite, paste, mud packet and lime solution and aggressive removal of infected tissue from trunks ( Table 2 ). This observation was also reported by FAO [10] . Here, chestnut income is the primary income for households.
Our results also showed that, excludingŞile, increasing product quantity is correlated with higher awareness of pests and diseases and the presence or absence of reported disease mitigation methods (Figure 2A,C) .Şile is an outlier in our research for several reasons. First, as we have observed and documented in forthcoming research, blight severity inŞile was the highest of ten observed sites in Turkey [13] . Several additional pressures on forests and forest livelihoods were observed. Local intensive mining operations have very openly caused ecological fragmentation. Proximity to the city ofİstanbul means that the town is crowded with visiting collectors during harvest time. Local forest policy has also taken a notably intensive approach with most visible forest in early succession due to regular clear cutting. Interestingly, local awareness was high which shows how the above-mentioned factors may have recently reached a critical mass for local livelihoods.
Increasing product quantity was found to be related to a higher number of reported harvesters. When the amount of harvest exceeded 2500 kg for a household, laborers as pickers and "Dokuyucu" (those who hit chestnuts down [36] ), were hired (in Aydın,İzmir and Bursa). The wage of the "Dokuyucu" is about three times higher than that of the pickers. It is reported that this difference is due to the fact that "Dokuyucu" requires experience and is life-threatening. They wear rubber shoes to keep them from slipping and wear glasses to protect their eyes. However, they do not otherwise take any health and safety precautions. It is reported that during the harvest period, every year some "Dokuyucu" are injured, taken to hospital, and even die. For these reasons, it is stated that the number of "Dokuyucu" is small and harvest help comes from the neighboring provinces.
It has been reported that chestnuts are generally collected by the women of the family at harvest time. Households from other sites do not employ laborers, instead, less than five people including family members, relatives or neighbors harvest (Table 3) . It is reported that some "Dokuyucu" are being employed in Sinop, but this is not the norm. It is reported that it is difficult to find a "Dokuyucu". However, in Sinop and Zonguldak, collecting from the forest floor without hitting chestnuts down is more common. Although FAO reported [10] that chestnuts are harvested by hitting the branches with a long stick in all areas, our research showed that it is common to pick chestnuts which naturally drop to the ground in the Black Sea region andŞile.
Major motivations of households for chestnut harvesting include income and food value in all sites. This contrasts with the observations of Pezzi et al. from Northern Italy [11] . There, it was stated that motivations such as preserving local traditions and having a hobby were the main drivers of chestnut management by those with positive prognoses for the future of chestnut cultivation. Contrarily, income considerations had less importance for interviewees. This indicates a contrasting socioeconomic context in Turkey. However, the primacy of income potential was also a major factor in a similar study in Catalonia [12] . Our research has arrived at a similar result.
Our results showed that the most expensive chestnuts are in Sinop and Bursa, while the cheapest are in Zonguldak. Bursa's chestnuts have been famous in Turkey historically [37] [38] [39] . The region's reputation was reported in the famous travel journals of Evliya Çelebi (1611-1682) [26] . Bursa is also famous for the sweet preserved chestnut, much like the marron glacé. Despite this fame, the province of Aydın is the nation's largest producer [23, 26, 29, 35] . It is thought that all these factors affect the market price of Bursa and drive up the price of its chestnuts. Chestnuts from Sinop are called "lamb chestnuts" (kuzu kestane) in Turkey and are well-known for their distinct flavor, bright color and key feature of easy detachment from the shell once roasted [40] . In addition, in Erfelek and Ayancık, chestnut markets are being set up to ensure that chestnut producers get better prices.
According to Turkish Patent and Trademark Office (TPTO), chestnuts from Aydın have had a GIP as an industrial property right since 2010 [41] . It is thought that Geographical Indication Protection will support quality control, increase recognition and add value to products derived from local chestnuts [42] . No comprehensive research has been done in this regard.
Conclusions
In this study, we presented the problems that households report are affecting their chestnut production, their awareness of pests and diseases, and their reported control efforts in Turkey. In addition, similar household perspectives were classified throughout the geographic distribution of the species. It is clear that blight control efforts increase with chestnut production and household awareness of pests and diseases. Moreover, the households that consider chestnut production as additional income and/or household consumption, harvest chestnuts with their family or friends, while the households that consider chestnut production as main income pay for laborers. High chestnut fruit prices were found to be related to branding and marketing efforts as well as fruit properties such as flavor, color and easy detachment from the shell. We believe that the results of this research will provide information to decision makers and stakeholders regarding the sustainable utilization of chestnut forests and orchards. The hopeful and natural tag-along phenomenon for the chestnut blight-hypovirulence-has been observed throughout Turkey and is thought to be naturally spreading. Therefore, understanding the dynamics of forest maintenance at all levels is presently very important. Populations that weather the present period of blight intensity may benefit at a later date from the arrival of hypovirulence only if they still exist.
